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1 INTRODUCTION 
1.1 Construction market  
With the increased difficulties in the construction sector, "new architectural" concepts rise, cou-
pled with low cost concerns, and taking into account principles such as safety and comfort of 
users that occupy the buildings or public space, ensuring the welfare and comfort of the users. 
Nowadays, when someone decides to go on with the construction of its own house, it faces 
the question whether to use the traditional construction with an initial low cost but no future 
possible adaptability or an alternative construction that guarantees a better cost/benefit ratio in 
the long term, admitting future changes in the use. 
In Portugal, there has been some recent investment in the low cost building systems. The low 
cost term was usually associated with the construction of social housing. However, nowadays 
with the economic crisis, it becomes increasingly important to apply this concept to all areas and 
in different social strata. In making use of materials and techniques with a better cost/benefit ra-
tio in the long term, a new attitude to the building design, is giving way to informal composition 
with simple modular shapes, but that still allows the correct relationship with the surrounding 
public space.  
Following this logic, modular homes represent a niche market in the construction industry 
that has grown from year to year, especially because it is considered a fairly cheap option.  
Across Europe, since the beginning of the 21st century it is notorious the implementation of 
modular housing solutions. One such example is the Keetwonen (Figure 1), Amsterdam. It is the 
largest modular container city in the world, built for temporary residences with over 1000 units 
in high strength steel prefabricated modules. These can be combined to create a wide variety of 
typological forms that adapt to the needs of the user and the terrain. Outside Europe we can find 
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in Australia the accommodation of the Australian National University, in Camberra (Figure 2). 
Each module you see in the photos is essentially like a prefabricated shipping container.  
 
         
Figure 1. Left: City of modular steel       Figure  2. Australian National University’s 
containers, Keetwonen                             accommodation, Camberra (Obtained in the web site of “Archi-
tecture and Design”: http://www.architectureanddesign.com.au) 
 
The modular architecture is based on an element that is repeated and customized as needed by 
customer requirement, always in a type which can be adjusted according to the needs. The ad-
vantages of applying modularity in housing are the reduced time of construction – tenants can 
be themselves involved in the construction – and consequently cost reduction. It also allows a 
more rigorous and quicker control of costs in the preliminary design phase; eliminating the dif-
ficulties/problems in transposing the rigor and concerns of the project on “paper” for the built 
work and providing simplification and compatibility of designs.  
The modular houses are typically buildings that rely on materials and prefabricated compo-
nents, acquiring different uses, temporary or permanent. Applying the material being developed 
with modular forms such as wood and its derivates, it becomes easier to apply the theoretical 
concept into practice in carrying out the work. 
The modular architecture defines itself as a "sustainable process," that is, if the location of the 
building is changed, its materials can be reused. It also allows an ease adaptation to changing 
lifestyles, which are nowadays increasingly mutable. The modulation allows increasing or elim-
inating the living spaces in an evolutionary system, maintaining the proportion and size of 
shapes and allowing flexibility of space use, adding and removing modules without affecting the 
rest of the system. 
The concept of modularity abandons the idea of conventional housing fostering the creation 
of spaces based on a set of modules. It is a model for industrialization, which is further turned to 
the construction process rather than for the final product. 
Wood construction can be developed as a modular construction system. Given the advantages 
inherent of using wood, it is accepted that this is a building system that best suits the issues pre-
viously cited – modular architecture, low cost construction, the possibility of prefabrication and 
environmental consciousness.  
Regarding to construction market in Portugal, despite the developed investigations in the 
wood construction, there has been a stagnation of the construction of multifamily wood frame 
buildings, being more common the construction of single family houses. 
1.2 Wood building construction – an overview  
Since ancient times that wood is contributing as raw material for the humanity. The reason for 
this prominence is the number of properties and characteristics of wood: it is a “user friendly” 
material; ease handling and processing; it is generated with low energy; high strength; great 
thermal insulation; it is available in a variety of colors and textures; and finally it is fully recy-
clable. 
During decades, the construction of wooden houses encircled only the single family dwell-
ings. It was the demand for apartment buildings, which varies among countries, that in generally 
influences, in inverse proportion, the demand for wood construction. The number of households 
is more decisive in terms of housing demand than population size. In Europe, families com-
prised of fewer elements, but the number of households tends to increase (expected to be 20% 
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higher in 2030 than in 2005) promoting the growing demand for apartments, Mahapatra & 
Gustavson (2009).  
Along the nineteenth century, in most countries of Western Europe, it was forbidden to build 
multifamily dwellings in wood structure, due the high number of fires associated with this con-
struction material, however, the concept was reintroduced in the early 1990s according to 
Espíndola& Moraes (2010). In some European countries, the revision of regulations that limited 
the construction of multi storey wood buildings propitiated the construction of multifamily 
wood buildings with several floors. However, it is still rare to find in European countries huge 
buildings with wood structure. In Europe, Sweden stands out in the construction of multifamily 
wood housing in accordance with Pascoal, (2011). The reason for this lies, perhaps, in the long 
tradition of the use of wood in the building construction market, and also because the wide sup-
ply of this raw material in that country according Vessby (2008). In comparison, outside Eu-
rope, it is common to find multifamily wood buildings in the United States and Canada.  
In Portugal, wood buildings are only single-family houses. So far, there is no record of multi-
family housing in wood; in fact there is some resistance to the introduction of wooden construc-
tion. Factors such as the high humidity levels, the greater propensity for biological attack, the 
reduced supply of excellent raw material, the reduced mobility of the families, the shortage of 
skilled professionals, poor training given at national universities and the lack of regulation have 
contributed to this resistance according to Cruz, Morgado & Pontífice (2012). Nevertheless, the 
necessity of finding solutions that address the reduction of environmental impacts in order to 
achieve the targets set by the European Union, has led to an increased interest for using wood as 
a building material.  
Regarding the construction of multifamily buildings with multiple floors, there are differ-
ences between European countries, which limit the number of floors in wooden buildings. To 
visualize national legislation about number of storeys and to be able to compare the situation in 
different countries of the Europe is shown on the map below.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Maximum number of storeys in timber - load-bearing structure without sprinklers 
(http://www.google.pt/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCEQFjAA&url=http%3
A%2F%2Fwww.tresenter.no%2FTechnical_Guideline_Summary_SP_Info_2010-
15_ENG_NEZqz.pdf.file&ei=re9NUPW5KMOXhQeIy4GYCQ&usg=AFQjCNFCgEAq_DfKPcyoi4Xr
Wc6pWPWeWw)  
 
As we can see in Figure 3, in 2010, big differences between European countries have been iden-
tified. However, several countries have no specific regulations, or do not limit the number of 
storeys in wood buildings. It is predicted that in 2020 the great majority of European countries 
will allow multi storey wood frame construction with over five storeys.  
2 STRUCTURAL CONSIDERATIONS OF WOOD CONSTRUCTION 
2.1 Construction systems 
Multi-residential timber frame construction is providing to be cheaper and faster to build than 
equivalent buildings in concrete or steel. Wood is a timeless building material and it has been 
desired for its structural capabilities. When properly designed and used, wood has very few 
structural limitations.  
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Multi-family units can be built using the same techniques applied in the construction of single 
family modules and must followed the same European standards. Wood-based products like sol-
id-sawn lumber for studs, rafters and beams/headers, wood I-joists, LVL and glulam for beams, 
structural panels, are normally used for wood frame construction projects. In terms of technolo-
gy, timber systems are prone to be prefabricated. The prefabrication may consist of two differ-
ent forms: closed systems and open systems according to Staib, Dorrhofer, & Rosenthal (2008) 
Staib, Dorrhofer, & Rosenthal (2008) says that in a closed system produced by a single man-
ufacturer, there is the modular construction consisting on a unique system in which all compo-
nents constituting a predefined space already attached without the possibility of change. The 
module is manufactured in factory, ready to be placed on the construction site. After, the mod-
ules may be combined in several ways to build a larger house in accordance with Blauvelt 
(2007). Most of the modules are placed in field already with painting and final cover. This type 
of construction is applied where time is the essential element, Staib, Dorrhofer, & Rosenthal 
(2008) 
In an open system there are two possibilities: panels systems and systems of post and beams. 
In the panels systems one can find the ballon frame system and the platform system which are 
the most widespread systems for the construction of timber buildings. The last one is more 
widely used. Panels of plywood or oriented strand boards (OSB) are fixed to the wood profiles 
(using steel nails, screws or special pins) generally spaced 400-600mm (Figure 4). The walls, 
which are normally manufactured in factory, are joined together on site. In result, there is a bet-
ter control over the wastes, costs and quality of materials, Kaufmann & Remick (2009). Beyond 
the fast assembly, this technique has the advantage of lightness that is an interesting aspect for 
grounds with low capacity and also ensures easy transport and assembly. These systems offer 
the possibility of integrating several manufacturers, combining different prefabricated compo-
nents, Staib, Dorrhofer, & Rosenthal (2008). However, this system assumes that all elements are 
structural which restricts the modularity and versatility concept due to impossibility of removing 
structural elements.  
  
 
Figure 4. Platform system  
 
In recent years, wood industry have proposed and developed glued laminated panels for the 
construction of floors and exterior or interior walls (Figure 5). Moreover, these panels can be 
used for bracing and ensures a load-carrying capacity difficult to achieve with others wood-
based materials. 
    
 
 
 
 
 
 
 
 
 
 
Figure  5. Structural glued laminated panels system    Figure  6. System of posts and beams 
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In an open system there are two possibilities: systems of posts and beams and panels systems 
(Figure 6). In this system only the posts and the beams has structural role and the remaining el-
ements that comprise the buildings (e.g. interior and exterior walls) are non-structural elements. 
The technical dissociation between the structure of posts and beams with the walls allow a large 
conception liberty: architecture of light (large glazed openings) and liberty of creation (possibil-
ity for removing or changing walls). However, the stability of the building considering the lat-
eral and vertical actions and also the imperfections (misalignment of posts) depends on the stiff-
ness of the beam-post connections. If the connections are flexible, the bracing frames could be 
made using, for example, shear walls. In this case the degrees of freedom are reduced due the 
larger number of structural elements.  
3 FUNCTIONAL AND ENVIRONMENTAL ASPECTS 
Wood construction systems are usually heavy. This factor affects the thermal inertia of the 
building, whose function is to counteract the interior temperature variations. Thus, a wood con-
struction is usually classified as low inertia, which creates doubts in the people about the ther-
mal performance of the building. The thermal insulation of the wood framing walls can be done 
by the outside (ETICS), in the middle air gap as it happens in traditional brick walls, or by the 
inside, but always with less thickness and with no need for concerns with thermal bridges. This 
means that all the parts of the wood wall, including the structural parts are accounted in the cal-
culation of the thermal insulation. 
Walls made according to the platform system are executed with OSB, wood profiles, insula-
tion and plasterboard which are low-mass elements (Figure 7). According with the definition of 
thermal inertia, the walls have less ability to retain heat. Nevertheless, wood provides thermal 
comfort because it presents an high Heat Capacity. It is an excellent insulating structural materi-
al, being considered the best when compared with metals and concrete. Additionally, the wood 
construction is characterized by the absence of thermal bridges reducing the heating and cooling 
needs. The wood floors can also be executed in a similar way to the walls. These are constituted 
essentially of floor joists (massive section, I-joists), wood particle boards (OSB, wood cement 
board), thermo-acoustic insulation and plasterboard (Figure 8). This system has great potential 
for prefabrication.   
Sound transmission is an important non-structural design consideration for multi-family 
wood frame construction that may control material and construction choices. It was said by 
Walford (n.d), noise from footsteps impact present  a great disturbance effect in multifamily 
construction, Noise from voices should be controlled by airborne insulation.To achieve satisfac-
tory sound transmission control, sound-absorbing wall boards, acoustic mats, and acoustic seal-
ers filling the gaps between wall and floor elements are often used according with 
Cheung (2010) . Continuity of materials that form the exterior walls – plasterboard, asphalt 
plates, wood cement boards, stones of coating, etc – and the use of absorbing materials, such as 
wool and fiber insulation,   are strategies that should be applied for isolating the dwelling from 
the external noise. The production process of wood in relation to other industrial products re-
quires low energy consumption and respects nature.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7 – Constructive details of a wood wall 
with ETICS system   
Figure  8 - Constructive details of a wood floor 
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In the Table 1 and Table 2 are presented the results of a functional, environmental and economic 
analysis of a wood wall and a wood floor, respectively. 
 
Table 1. Table showing a functional, environmental and economical analysis of a wood wall 
 
Description Thickness Mass  Ȝ R Embodied 
Energy 
Energy 
Production
Environmental 
Impact 
Material 
Cost 
Labour 
Cost 
    mm Kg/m3 Kg/m2 W/m.ºC m2ºC/W kWh/kg kWh/m2 kgCO2/m
2 €/m2 €/m2 
Smooth plaster  20 1900 38 1,30 0,015 0,28 10,64 2,68 4,02 19,57 
Rockwool 60 150 9 0,038 1,579 5,56 50,04 12,6 3,90 5,74 
OSB 3 18 660 11,88 0,108 0,167 6,11 72,59 18,27 7,75 5,35 
Airbox 146 1,20 0,18 0,24 0,15 - - - - - 
Platerboard 13 900 11,70 0,25 0,052 1,39 16,26 4,09 6,76 5,49 
Total 257 3611,2 70,76 1,936 1,963 13,34 149,53 37,64 22,43 36,15 
U (W/m2ºC) 0,47 
Rw (dB) 45 
Construction Cost (€/m2) 58,58                 
 
Table 2. Table showing a functional, environmental and economical analysis of a wood floor 
 
Description Thickness Mass  Ȝ R Embodied 
Energy 
Energy 
Production
Environmental 
Impact 
Material 
Cost 
Labour 
Cost 
    mm Kg/m3 Kg/m2 W/m.ºC m2ºC/W kWh/kg kWh/m2 kgCO2/m
2 €/m2 €/m2 
Wood flooring 7 656 4,59 0,15 0,047 11,11 51,02 12,84 6,90 2,75 
Polyethylene fabric 5 980 4,90 0,50 0,01 30,56 149,74 37,69 0,85 2,67 
VIROC® 19 1200 22,8 0,23 0,083 10,56 240,77 60,6 18,75 5,08 
Airbox 100 1,20 0,12 0,24 0,15 - - - - - 
Rockwool 80 40 3,20 0,038 2,105 5,56 17,79 4,48 5,84 1,37 
VIROC® 19 1200 22,8 0,23 0,083 10,56 240,77 60,6 18,75 5,08 
Total 230 4077,2 58,41 1,388 2,478 68,35 700,09 176,21 51,09 16,95 
U (W/m2ºC) 0,38 
Rw (dB) 51 
Construction Cost (€/m2) 68,04                 
 
 
The heat transfer coefficient (U) of the element in question was calculated taking into account 
the parameters defined in RCCTE. In turn, the sound reduction index (Rw), for each component 
was calculated according to the methodology presented by Mendonça (2005) and Patrício 
(2010). The mass accounted for determining the thermal inertia of the building is called by use-
ful mass.  
The Embodied Energy of the solution was obtained by summing the energies used for the 
production of each material that compose the solution. These values are determined by multiply-
ing the Embodied Energy (corresponds to the amount of energy required for its production and 
transportation) of each material by the respective masses. The values of the Embodied Energy 
for each material were taken from Berge (2009). The Environmental Impact is calculated multi-
plying the Energy Production by the average CO2 emissions of 0, 2517 kgCO2/kWh. 
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Table 3. Table representing the reference values   
Element U Rw 
Energy Pro-
duction 
Environmental 
Impact 
Construction 
Cost 
      W/m2ºC dB kWh/m2 kgCO2/m
2 €/m2 
Traditional Wall* 0,47 50 228,57 57,53 69,01 
Conventional Floor** 0,6 53 388,33 97,74 71,58 
* Single-wall mansory (hollow brick, 220mm), Expanded Polystyrene (50mm), and traditional plaster for 
the exterior and interior (20mm) 
** Lightened floor of prestressed joists and ceramic blocks (210mm), wood flooring, polyethylene fabric 
(5mm), rockwool (30mm), and plasterboard (13mm)  
 
 
Comparing the values of the presented in the Table 3 with the values presented in the figures 
above we note that, at the functional level, wood walls are thermally identical to the conven-
tional walls, while wood floors are better than traditional floors. Acoustically, both wood walls 
and wood floors show better indices of sound reduction than traditional solutions.  
It is in environmental parameters that wood solutions exhibit significant advantages. Embod-
ied Energy and subsequent Environmental Impact resulting from the manufacture of wooden 
walls and floors are substantially lower than those provided by traditional floors. This is because 
the constructive solutions use mostly wood or wood-based products.  
The economic parameters are discussed in the following chapter. 
4 CONCLUSION 
As conclusion of this analysis, it can be mentioned the lack of low cost modular prefabricated 
buildings within the multifamily housing market in Portugal (with steel or wood structure). It is, 
therefore, in the single family scope that market has focused appearing in this area some offer at 
reasonable prices, convincing the people of their gains and at the same time sowing the in a low 
cost construction is possible to offer the same life quality for the residents as it happens in a 
conventional construction. 
Structural wood apartment buildings are executed mostly by wood or its derivates, which de-
notes ecological and social concerns. It can be a good marketing tool for a construction compa-
ny. The method of construction is based on materials and prefabricated components which en-
sure a better control of quality and a significant reduction of wastes. The construction process 
requires little labor and reduced activities in the site, since most of the components are prefabri-
cated. For being a lightweight solution it dispenses heavy machinery. The repetitiveness of the 
construction processes potentiates the effect of learning with positive effects on the final quality 
of the works. 
In Portugal, although it is rare the introduction of wood as integral solution in building con-
struction, this trend could be altered. Factors such as: advantages inherent in the use of wood; 
the update of specific regulations; the propensity for the creation of new companies in this sec-
tor; low cost construction; the availability on the market of various wood products and building 
systems; and the increasing openness of people to this concept are increasing the interest of the 
market for wood construction. 
The prospects for using wood structure in apartment buildings require that the construction 
industry, the developers, the architects, and the construction engineers begin considering wood 
frame as a real alternative when deciding on structural material. 
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